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Abstract

Background: Large healthcare databases, with their ability to collect many variables from daily medical practice,
greatly enable health services research. These longitudinal databases provide large cohorts and longitudinal time
frames, allowing for highly pragmatic assessment of healthcare delivery. The purpose of this paper is to discuss the
methodology related to the use of the United States Military Health System Data Repository (MDR) for longitudinal
assessment of musculoskeletal clinical outcomes, as well as address challenges of using this data for outcomes
research.

Methods: The Military Health System manages care for approximately 10 million beneficiaries worldwide. Multiple
data sources pour into the MDR from multiple levels of care (inpatient, outpatient, military or civilian facility, combat
theater, etc.) at the individual patient level. To provide meaningful and descriptive coding for longitudinal analysis,
specific coding for timing and type of care, procedures, medications, and provider type must be performed.
Assumptions often made in clinical trials do not apply to these cohorts, requiring additional steps in data
preparation to reduce risk of bias. The MDR has a robust system in place to validate the quality and accuracy of its
data, reducing risk of analytic error. Details for making this data suitable for analysis of longitudinal orthopaedic
outcomes are provided.

Results: Although some limitations exist, proper preparation and understanding of the data can limit bias, and
allow for robust and meaningful analyses. There is the potential for strong precision, as well as the ability to collect
a wide range of variables in very large groups of patients otherwise not captured in traditional clinical trials. This
approach contributes to the improved understanding of the accessibility, quality, and cost of care for those with
orthopaedic conditions.

Conclusion: The MDR provides a robust pool of longitudinal healthcare data at the person-level. The benefits of
using the MDR database appear to outweigh the limitations.
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Background
Health services research (HSR) is widely defined as “the
multidisciplinary investigation of how social factors, fi-
nancing systems, organizational structures and process,
health technologies, and personal behaviors affect access
to healthcare, the quality and cost of healthcare, and ul-
timately our health and well-being [1].” In simpler terms,
HSR aims to study access to care, quality of care and the
cost associated with care. Large databases can collect all
of this information, greatly enhancing HSR.
Big data in healthcare is defined as “high-volume,

high-velocity and/or high-variety information assets that
demand cost-effective, innovative forms of information-
processing that enable enhanced insight, decision making
and process automation [2, 3].” Many healthcare orga-
nizations already collect this “big data” in order to
remain compliant with regulatory agencies, drive better
business practice, maintain high standards for patient
care, and perform efficient and effective record keeping
[4]. Data is captured from many sources at a real time
rapid pace known as velocity. This velocity, along with
variety of data, creates a significant challenge for cleans-
ing and analyzing the data. In fact, these datasets can be
so large, overwhelming, and complex that traditional
software and hardware are insufficient [2].
Healthcare databases are valuable for assessing busi-

ness practice and research on healthcare outcomes. Clin-
ical trials are very costly, often include patients that are
lost to follow-up, and have relatively shorter timeframes
for follow-up. Using healthcare databases for research
comes with its own set of limitations; however, the co-
horts can be substantially larger with much longer
follow-up. In addition, healthcare utilization allows for
highly pragmatic research. While explanatory trials are
designed to determine the effects of an intervention
under ideal conditions, pragmatic research aims to as-
sess the effects of an intervention under the usual setting
in which it is applied [5]. Clinicians looking to published
research for guidance with decision-making are best
served by studies with a pragmatic design [6–8]; how-
ever, the overwhelming majority of medical studies to
date have used explanatory designs [7]. Specifically with
regards to outcomes, highly pragmatic research has been
defined as having no formal follow-up, but instead uses
databases for the detection of outcomes [5].
Healthcare databases can be a rich source of data for

understanding care pathways for orthopaedic conditions.
They can provide cross-sectional and longitudinal interac-
tions based on time and healthcare events. We recently
identified a cohort of patients that received arthroscopic
hip surgery within the United States Military Health Sys-
tem (MHS) over a 10 year period. The purpose of this
paper is to use this surgical cohort as an example to de-
scribe the methodology employed to create meaningful

data from large healthcare databases, and discuss relevant
data considerations. In particular, we will discuss the
methods utilized to address many of the ongoing chal-
lenges associated with use of big data, including: 1) sour-
cing data; 2) organizing data for clinical relevance [9]; 3)
coding in a meaningful and descriptive way [10]; 4) hand-
ling missing values [11–14]; 5) reporting outcomes; 6) as-
suring the clinical veracity of the data [10, 15]; and 7)
reducing risks of analytic errors [16].

Construction and content
Data Sourcing
Origination of Data
The Defense Health Agency (DHA) supports the deliv-
ery of healthcare to approximately 10 million beneficiar-
ies of the MHS through the TRICARE Health Plan. The
Decision Support Division of the DHA is responsible for
managing the specifications of the MHS Data Repository
(MDR), which serves as the centralized repository for all
DHA corporate healthcare data fed from a worldwide
network of more than 260 Department of Defense
(DoD) healthcare facilities and a few non-DoD entities.
The MDR collects an incredible volume of data from
around the world every single day. It captures, archives,
validates, and merges data from over three dozen inde-
pendent healthcare databases, and then quickly inte-
grates and distributes it in a way that can be used for
clinical and business decision support. Data capture
comes with unique challenges in that it has to account
for military healthcare encounters all around the world,
to include austere environments during training, combat
and humanitarian operations overseas, as well as care
that occurs on naval vessels such as aircraft carriers and
submarines. This repository includes records of every
single person-level interaction for healthcare where the
TRICARE Health Plan is the payer, both inpatient and
outpatient, and either in a civilian or DoD facility. For
all visits within military treatment facilities (MTF), these
person-level visits include variables such as vital signs,
body mass index, tobacco usage, inpatient and out-
patient medications, and chemistry lab results. For re-
cords from fiscal year 2000 and forward, the MDR
contains a unique person identifier allowing person-level
files to be linked across data sources, and is considered
the most reliable source for MHS data. It also contains
accounting data for each MTF, beneficiary, and staffing.
The MDR data dictionary is publicly available and can
be accessed at the DHA’s health.mil website. The struc-
ture of the data is Serial-Attached Small Computer Sys-
tem Interface.

Individual Data Files that Feed into MDR
Over 38 unique data files from hundreds of data sources
feed into the MDR daily from around the world, and
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files from each source are aggregated by fiscal year. Data
across multiple files are connected based on a unique
person identifier. The following are the data files from
the MDR we found most relevant to the study of muscu-
loskeletal conditions, and stored in the MDR in Statis-
tical Analysis System (SAS) format (except for pharmacy
data, which is stored in text format):

1. Standard Inpatient Data Record (SIDR): This
information includes diagnosis and procedure codes,
length of stay, cost and relative weighted products
(analogous to Relative Value Unit - RVU) for each
episode of care, and departments rendering care for
every inpatient hospital admission that takes place
within a MTF.

2. Comprehensive Ambulatory/Professional Encounter
Record (CAPER): Each unique observation within
the CAPER file represents one ambulatory
outpatient encounter or professional service taking
place within a MTF. The information captured
includes diagnosis and procedure codes, cost and
RVUs for each episode of care, and provider type
and departments rendering care.

3. TRICARE Encounter Data - Institutional (TED-I):
The information captured in the TED-I includes
diagnosis and procedure codes, length of stay, actual
cost paid by TRICARE and relative weighted prod-
ucts (analogous to RVUs) for each episode of care,
and departments rendering care for every civilian in-
patient hospital or institution-based home healthcare
encounter.

4. TRICARE Encounter Data - Non-Institutional
(TED-NI): Each unique observation within the
TED-NI file represents one line item on a claim,
taking place in any civilian setting to include pro-
fessional inpatient services, but not care related to
hospital admissions. One medical visit can result
in multiple line items on a claim, or even multiple
claims. This includes any ambulatory outpatient
encounters, pharmacy, radiology and laboratory
tests, ambulance services, and medical supply re-
lated encounters. The information captured in-
cludes diagnosis and procedure codes, cost and
RVUs for each episode of care, and provider type
and departments rendering care.

5. Pharmacy Data Transaction Service (PDTS): Each
unique observation with the PDTS file represents an
outpatient prescription filled for a MHS beneficiary,
whether at a MTF facility, retail pharmacy in the
United States, or through the mail-order program.
The information captured includes generic drug
name, therapeutic class codes, date of prescription,
cost, and the days’ supply of each prescription. The
PDTS file does not include prescriptions from

inpatient settings or those from civilian pharmacies
outside of the United States.

6. Ancillary Care: The ancillary care file captures all
completed laboratory and radiology procedures that
take place in a laboratory or radiology department
within a MTF. Purchased ancillary care occurring in
civilian settings is captured in the TED-NI file. The
information includes procedure codes, accession
numbers linking the procedure to the visit where it
was ordered, indication of whether the procedure
came from an inpatient encounter, and date of
procedure.

Merging Individual Data Elements and Requesting Data
from MDR
Data are pulled across year and across files through link-
ing of unique person identifiers common to all files. This
allows for longitudinal assessment of a large variety of
healthcare variables at the single person-level. Utilization
of data for research purposes require several steps. First
a Data Sharing Agreement must be approved by the
DHA Privacy Board, and second an analyst with proper
training and access to the MDR must be identified.

Data Cleaning Procedures by DHA
The DHA utilizes a robust method for addressing errors
in data. Data from MTFs are transmitted from the elec-
tronic medical records to the MDR daily, and the MDR
processes the data weekly. The data at this point are raw
(unprocessed). The master data file is updated monthly,
and at this point, both new processed data and updates
to previous data are added to the master file. Requests
for healthcare utilization through a given time period
wait a minimum of 90 days after the event of interest in
order to ensure the data are captured, processed, and
updated in the master data file. Any files containing a
blank encounter identification number, International
Classification of Diseases (ICD) or Current Procedural
Terminology (CPT) code, or with a visit count of zero,
are written to an error file. The exception are CAPER
files that are not required to have a CPT code for every
visit. These encounters continue to go through an exten-
sive validation process across multiple sources to in
order to fill in the missing variables. This process is ex-
plained in detail via documentation publically available
online [17]. Once an encounter is validated (not raw), it
will be uploaded into the master file in a subsequent
update.
For purchased care occurring outside of a MTF, the

claims are initially submitted by the Managed Care Sup-
port Contractors for payment by TRICARE. After the
payment has been processed, the records are uploaded
to TRICARE’s TED system on a monthly basis, and then
processed and stored as a final dataset in the MDR. Data

Rhon et al. BMC Medical Informatics and Decision Making  (2018) 18:10 Page 3 of 11



from the MDR are added to the TED encounters as they
are processed to improve the utility of the records.

Handling of Missing Values Missing data values are a
critical challenge when dealing with large datasets. Miss-
ing data values can be defined as missing completely at
random (MCAR), missing at random (MAR), or not
missing at random (NMAR). The MDR utilizes multiple
checkpoints to improve data quality and consequently
has minimal missing values. As an example, descriptive
variables such as age, gender, surgery type, rank, and
total post-surgical healthcare visits and costs have al-
most zero instances of missing values. In the rare cases
where missing values existed, we used Little’s test of
MCAR to investigate the relationship between the miss-
ingness of the data and any values, observed or missing
after [18], including those variables we planned to use in
future analyses. Little’s MCAR test was not significant,
suggesting that the missing data points are a random
subset of the data and that there is no systematic process
resulting in some data more likely to be missing than
others. In all cases analyzed, non-significant findings
were present, suggesting that data were missing at
random.
We used a chains equation multiple imputation which

operates under the assumption that given the variables
used in the imputation procedure, the missing data are
missing at random. This means the probability that a
value is missing depends only on observed rather than
unobserved values [19]. The missing values were im-
puted based on the observed values for a given individ-
ual and the relations observed in the data for other
participants, using both predictor and imputed codes.
We also performed a sensitivity analysis to determine if
the newly created imputed dataset yielded different re-
sults from the original dataset. The sensitivity analysis
was performed by comparing the average of the esti-
mated regression coefficients (Bmissing) to the reference
values from the fully observed data set (Bfull). We calcu-
lated a percentage difference between the mean of the
estimated coefficients through the following calculation:
(Bfull - Bmissing/Bfull) X 100%. The magnitude of the
relative bias was graded using the parameters provided
by Henry et al. [20], and included: 0% to 5%=negligible;
5.1% to 10%=minimal; 10.1% to 20%=moderate; 20.1% to
30%=heavy; and >30.1 as severe. In all cases, the differ-
ences in estimated coefficients were <10%.

Assuring the Clinical Veracity of the Data Rarely do
datasets and clinical trials reflect the same intent or
findings. Veracity of data, or the uncertainty of the data
included in the analyses, reflects the ability of the data-
base to be truly representative of what happened at a
clinical level [21]. In order for the data to have veracity,

the findings must indeed tell a story that is meaningful.
Health services research examines how people get access
to healthcare, the cost of that care, and what happens to
patients as a result of this care [1]. The MDR allows one
to investigate costs for specific interventions, identify
those who have access to care, and capture downstream
care (or a lack of care). Further, because comorbidities,
multiple provider types, other forms of care, and other
elements are included in the dataset, investigation of the
interrelationships of the data has merit.

Reducing Risks of Analytic Error Although the MDR
is a robust database, it is important to limit assumptions
that may be pertinent in a clinical trial. No matter what
adjustments are used, it is not safe to assume that base-
line comparisons of groups who received two different
care pathways or intervention types are actually similar.
When modeling, it is important to investigate for inci-
dental endogeneity and multicollinearity of every predic-
tors for all occasions. This requires controlling for
covariates using the risk adjustment measures that we
have described, along with other confounding elements
identified. Outlier and sensitivity analyses should be run,
and the approach adjusted as needed. Reporting confi-
dence intervals of the data for all models, and providing
full disclosure in all statistical analyses is important.

Utility
Organization of Data for Clinical Relevance
Normalization of Data
Using healthcare utilization to determine study eligibility
comes with several challenges. As with similar planning
for other study designs, homogeneity of subjects is im-
portant in order to derive generalizable conclusions.
While there are many factors to consider, three are key
when initially creating a cohort from a healthcare data-
base: inclusion criteria, exclusion criteria, and database
eligibility. The use of ICD codes are associated with
every encounter and enable filtering of care based on
diagnosis. Finally, confirmation that patients are eligible
beneficiaries during the entire period of surveillance is
important. In the MDR, this is done through the
Defense Enrollment Eligibility and Reporting System
(DEERS) file.

Selection of Variables
The following is a description of the methodologies uti-
lized in the data extraction, derivation, and definition of
variables from the MDR. The variables represent health-
care events captured during a 36-month period of time
for patients undergoing hip surgery.
For our analyses, we targeted all patients ages 18 to 50

who had undergone hip surgery for femoroacetabular
impingement (FAI). Because a dedicated diagnosis code
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for FAI does not exist, we identified common surgical
procedure codes for this condition as inclusion variables
(Table 1). We then excluded any non-FAI conditions
that might also receive this same surgical procedure
(Table 2). We did not exclude persons with these codes
that occurred after the surgery, as they may have had a
relationship to the surgical procedure. Finally, we had to
exclude everyone that was not continuously eligible as a
TRICARE beneficiary for the entire 12 months before
and 24 months after the surgical procedure (Fig. 1).

Meaningful and Descriptive Coding
One of the most notable challenges when working with
large datasets is the creation of meaningful and appro-
priately descriptive codes for quantitative use. Codes for
timing and types of procedures, provider type, and use
of accessory care options (e.g., medications) are also
available and essential. These include surgery, radiology,
injection, and physical rehabilitation codes. Identifying
providers who deliver different types of care can provide
information about optimal pathways of care. This was
possible because all medical encounters from the MDR
data provided the Healthcare Provider Taxonomy Code,
as established by the Health Insurance Portability and
Accountability Act (HIPAA). This code identifies the
provider type, such as “physical therapist,” “nurse practi-
tioner,” “family physician,” etc. These codes can be found
on the Centers for Medicare and Medicaid Services gov-
ernment website. The MDR database also provides a
product line code, which indicates the service depart-
ment where care took place (eg. primary care, orthopae-
dics, physical therapy, etc.) for direct care (CAPERS and
SIDR), but is based on the provider specialty for pur-
chased care (TED). All prescriptions provided to patients
during the entire period of surveillance were also ab-
stracted, therapeutic class codes for opiate drugs
(280808 and 280812) were flagged. The MDR also pro-
vided the date and total days’ supply of the prescription.

Access and Timing to Care
A key component of health services research is access
and timing to care [22]. Because the MHS is a closed

single-payer system, and healthcare payments are stan-
dardized among recipients, access to care due to per-
sonal cost is a lesser issue than in civilian care. Within
the MDR, timing of care is available, as every medical
visit documented has a date of encounter. Past studies
have found that the timing of care can reduce down-
stream costs and unnecessary procedures [23, 24]. Some
providers may also utilize more medical resources than
others. For example, utilization of healthcare and associ-
ated costs varies widely based on the type of provider
seen. Patients with low back pain who seek care from a
physical therapist often have fewer radiographs and sur-
geries [23, 24]. In contrast, those who are seen in phy-
siatry are at an increased risk for radiographs, advanced
imaging, invasive injections, surgery and other health-
care costs [25]. Chiropractic care is associated with de-
creased advanced imaging or surgeon visits, similar to
physical therapy, but with an increased length of time
in intervention [26]. Some evidence also suggests that
seeing multiple providers leads to higher costs of care
[23]. Lastly, there are often regional differences in the
type of services individuals receive. In the United States
for example, the Northeast region has the fewest sur-
geries and injections, and the Midwest and South have
the highest [18, 24].

Comorbidities
An essential element of data for use in health services re-
search is the ability to accurately reflect the health condi-
tion, at a person-level, for each individual. Historically,
researchers have used comorbidities to describe person-
level conditions that could mediate outcomes, and control
for the influence of these variables on the targeted out-
comes during modeling. These are important to consider,
as many analyses related to outcomes should adjust for
these conditions and their influence on prognosis. De-
pending on the analysis, conditions such as the presence
of malignant neoplasms can be identified; however, in
most cases these individuals are excluded from the cohort.
We identified a list of medical comorbidities within the

Table 1 Current Procedural Terminology (CPT) Codes for
Arthroscopic Hip Surgery

CPT Description
(Arthroscopic)

CPT Code

29914 Arthroscopy, hip, surgical; with femoroplasty
(ie, treatment of cam lesion)

29915 Arthroscopy, hip, surgical; with acetabuloplasty
(ie, treatment of pincer lesion)

29916 Arthroscopy, hip, surgical; with labral repair

29862 Arthroscopy, hip, surgical; with debridement/
shaving

Table 2 Excluded Non-FAI Conditions that might receive same
surgical procedure

Diagnosis ICD-9 Codes

Hip Osteoarthritis 715.15, 715.25, 715.35, 715.95

Avascular necrosis of the hip 733.42

Hip Fracture 820, 821

Osteomyelitis of the hip 730.85

Malignant neoplasm of the
pelvis, hip, or lower extremity

170.6, 170.7, 171.3

Other hip arthritic condition 714.0, 711.05

ICD International Classification of Diseases, 9th Edition
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MDR that we found to have a significant association with
orthopaedic injury and surgical outcomes (Table 3). The
MDR validation system also includes identification and
flagging of industry-related codes related to patient disease
profile. These include the Center for Medicare and Medic-
aid Services (CMS) Hierarchical Coexisting Conditions
(HCC) risk score which calculates a risk score for adjusted
comparisons of patients with various disease profiles and
the Agency for Healthcare Research and Quality (AHRQ)
Chronic Condition Indicator (CCI), which categorizes
conditions into chronic and not chronic.

Creation of a Risk Adjustment Code Based on Comorbidity
Status
HCCs are proprietary formulas, typically used for Medi-
care populations, and use data to prospectively estimate

predicted costs for enrolled individuals during a follow-up
year of coverage. These predictions are based on demo-
graphic information and major medical conditions docu-
mented from patient encounters in a previous 12-month
period. HCCs provide a cost-related risk to the overall
outcome since these define which codes are related to the
highest costs for care. We used a regression based risk ad-
justment mechanism to control risks of higher costs based
on selected health conditions that is similar to HCC. Our
weighted risk adjustment variables were built on the pres-
ence of comorbidities and the weighted influence of those
comorbidities, in single or in combination, on the out-
comes of costs and visits.

Outcomes Reporting
Although the MDR lacks self-reported outcomes data,
the database does include costs, visit utilization for each
provider type, care process (e.g., physical therapy, medi-
cations), use of medications, and location (MTF or in-
network provider). Costs are sub-categorized by total
costs of all healthcare interventions (which in our cohort
included hip and non-hip related costs) and total costs
of hip related healthcare interventions. Costs for pro-
vider and treatment domain are each categorized. Pur-
chased care reflects what the TRICARE Health Plan
actually paid for the service. If patients have other health
insurance (OHI) plans, then the payment by TRICARE
may be decreased in some cases. This is most relevant in
patients above the age of 65 with Medicare. Approxi-
mately 2 million TRICARE beneficiaries (~20%) have
OHI. However, in the cohort with the demographic we
sampled (ages 18 to 50), the number of patients with
OHI was less than 3%. For direct care, the “Full Cost” of
the encounter is broken down into elements which allow
the analysts to identify unique distributions and alloca-
tions of care. For research purposes, we used the “Full
Cost” variable that includes all components (Table 4).
Visits are structured by provider, similarly to costs.

Each visit is uniquely captured and dated in the MDR,
allowing for analyses of trends of care. Further, because
we plan to explore the modeling of predictors for con-
tinued opioid and other medication use, imaging use,
and rehabilitation use, these variables will be included as
potential outcome measures.

Discussion
In the paper, we discussed many of the ongoing challenges
associated with use of big data, such as: 1) sourcing data;
2) organizing data for clinical relevance [9]; 3) coding in a
meaningful and descriptive way[10]; 4) handling missing
values [11–14]; 5) reporting outcomes; 6) assuring the
clinical veracity of the data [10, 15]; and 7) reducing risks
of analytic errors [16].

Fig. 1 Cohort selection process
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Table 3 Comorbidities, Operational Definitions, and Support for Use

Comorbidity Codes to Identify Support for Use

Sleep Disorders ICD-9 codes of:
Insomnia: 307.41, 307.42, 327.00, 327.01, 780.52, v69.4

Sleep disorders are a specific risk factor for increased health seeking in
pain populations [29], and associated with higher rates of consulting
for low back pain [30]. Poor sleep induces generalized hyperalgesia,
increases anxiety, and affects one’s ability to regulate cortisol in
response to stress [31–33]. Specifically, severity of insomnia has been
correlated with pain intensity in patients with chronic musculoskeletal
pain [34].

Sleep-related breathing disorders: 320.20, 327.21,
327.22, 327.23, 327.24, 327.25, 327.26, 327.27,
327.29, 768.04, 770.81

Hypersomnias 307.44, 327.10, 327.11, 327.12, 327.13,
327.14, 327.15, 347.00, 347.01, 347.10, 780.54

Circadian rhythm sleep disorders: 327.31, 327.32,
327.33, 327.34, 327.35, 327.36, 327.37, 327.39

Parasomnias: 307.46, 307.47, 327.41, 327.42, 327.43,
227.4, 300.15, 327.44, 327.49, 368.16, 788.36

Sleep-related movement disorders: 327.51, 327.52,
327.53, 327.59, 333.49

Mental Health
Disorders

ICD-9 codes of 295.xx, 296.xx, 297.x, 298.x, 300.xx,
301.xx, 307.8x, 308.xx, 309.xx, 311.xx, v11.x,
v15.52, v40.9

Mental health disorders have been shown to impact overall pain and
function in patients with musculoskeletal disorders. Depression and
anxiety in patients with chronic musculoskeletal pain is associated
with higher pain and disability levels, as well as a worse health-related
quality of life [30]. Mental health comorbidities are associated with
development of chronic disease/disorder, higher overall healthcare
utilization and consequently higher costs [31], and contribute to
overall disability levels. Post-traumatic stress disorder (PTSD) is ICD-9
code 309.81, specifically.

Substance Abuse ICD-9 codes of 303.xx, 304.xx, 305.xx Substance use includes unhealthy dependencies on prescription drugs
or alcohol as well as personal history of tobacco use. These
dependencies can affect outcomes after musculoskeletal pain or injury
in many ways. Opiate use is associated with higher rates of medical
visits and healthcare utilization [31]. In those who have chronic
musculoskeletal disorders and take higher dosages of opioids long
term, there is greater overall healthcare utilization and lower rates of
return to work or job retention [33]. Significant use of alcohol for pain
relief in people who have chronic musculoskeletal pain can affect
sleep and depressive symptoms, which ultimately can increase pain
levels, not decrease them [34]. In one population of people with
chronic non-cancer pain who were taking opioids, risky levels of
drinking alcohol were related to poorer pain outcomes [35]. Smoking
is adversely related to functional outcomes after injury, independent
of the nature or severity of injury [35]. It is an independent risk factor
across a variety of populations and conditions [36, 37], and negatively
influences healing after orthopaedic surgeries [38]. It has deleterious
effects on peak bone mass [39], bone mineral density, [40] bone
healing [41], and wound healing [42], as well as many other general
complications [30, 43]. Chronic smokers are also at higher risk for
developing muscle pain [44].

Tobacco Use ICD-9 code of V15.82 Smoking is adversely related to functional outcomes after injury,
independent of the nature or severity of injury [35]. It is an independent
risk factor across a variety of populations and conditions [36, 37, 45], and
negatively influences healing after orthopaedic surgeries [38, 46]. It has
deleterious effects on peak bone mass [39], bone mineral density [40],
bone healing [41], and wound healing [42, 47], as well as many other
general complications [48]. Chronic smokers are also at higher risk for
developing muscle pain [44].

Metabolic Syndromes
(obesity, diabetes, etc.)

ICD-9 codes of 249.xx, 250.xx, 255.0, 272.0, 272.2,
272.4, 278.00-278.03, 278.8, v85.30-v85.39,
v85.41-v85.45

Metabolic syndromes affect orthopaedic outcomes. Obesity increases
the risk for musculoskeletal disease in not only bones and joints, but
also soft tissues [49]. In those with obesity related disease, direct
healthcare costs, including medication use, inpatient and outpatient
visits, are high [50]. Diabetes can adversely affect wound healing,
potentially leading to non-healing wounds that cost upwards of
$3 billion per year [51].

Chronic Pain ICD-9 codes of 338.2x, 338.3, 338.4, 729.1, 780.71,
780.79ICD-9 codes of 338.2x, 338.3, 338.4, 729.1,
780.71, 780.79

Chronic pain has been defined as persistent or recurrent pain lasting
longer than 3 months [52], and present after orthopaedic surgery [53].
Poor post-surgical outcomes including pain and patient satisfaction have
been associated with pre-surgical chronic pain [54]. Fibromyalgia is a
condition characterized by widespread body pain, fatigue, poor sleep,
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As with all datasets, there are limitations that require
discussion. The MDR does not have a patient-based health
outcomes reporting mechanism, thus the ability to identify
self-reported disability, quality of life, or pain-related per-
spectives is generally missing. Reported numeric pain scale
(0 to 10) is populated for outpatient direct care visits only
(CAPER), but the lack of consistency in capturing this
measure makes the variable less reliable. Further, the costs

used by the MDR are based on expenses captured at each
military facility and RVUs at each facility. In some cases,
because the facility has 45 days after the end of each
month to report expenses, there is a time lag for reporting
expenses and determining subsequent costs. This is done
in order to capture costs accurately, and also the reason a
minimum of 90 days should exist between the time of
query and the through-date for data of interest. The other
reason for waiting 90 days is that claims processing on the
purchased care side (TED) can be delayed due to tardy
claims submission. In the final MDR files available for
analysis, the data are no longer raw, and cost data have
been validated and updated to reflect these costs. In other
words, a unit cost for each clinic is calculated using the
total expenses in that clinic and the total RVUs in that
clinic, which is then multiplied by the number of RVUs
for each encounter. Consequently, costs are projected data
based on current and past resource utilization.
The resources required to manage and maintain this

repository are remarkable. The MDR is the largest and
most comprehensive medical database in the United
States MHS. In fiscal year 2016 alone, $36,152,000 was
spent on information technology management of
Defense Health Programs systems to include the MDR
[27]. Although there are a limited number of persons
with full level access to the MDR, the servers are often
slowed down with the handling of multiple requests
worldwide. Often queries have to be run at off-peak
times, such as during the evening hours. It is a heavily
queried and strained system. Another limitation for this
particular type of research is the reconciliation of med-
ical care covered by TRICARE and OHI. If the care

Table 3 Comorbidities, Operational Definitions, and Support for Use (Continued)

Comorbidity Codes to Identify Support for Use

and depression. Characteristics of fibromyalgia have been shown to
be predictive of poor post-surgical outcomes [55].

Cardiovascular
Diseases

ICD-9 codes of 348.2, 401.xx-405.xx, 410.xx-414.xx,
420.xx-429.xx

Cardiovascular conditions are a group of disorders of the heart and
blood vessels. Heart disease has been identified as a comorbidity that
predicts poor pain outcomes after total knee and total hip arthroplasty
[56]. Congestive heart failure has been shown to be a predictor for
total hip revision surgery within 12 months of the original total hip
arthroplasty [57]. Cardiovascular disease is a preoperative predictor of
poor postoperative subjective outcome for lumbar spinal stenosis
surgery [58].

Systemic
Arthropathies

ICD-9 codes of 099.3, 274.xx, 696.0-696.8, 710.0,
710.2, 711.15, 711.25, 711.35, 711.45, 711.55,
711.65, 711.75, 711.85, 712.15, 712.25, 712.35,
712.85, 712.95, 714.0, 714.1, 714.2, 714.4, 714.89,
716.25, 718.55,719.35, 720.0, 720.81, 720.89, 720.9,
725, 729.0

There are a number of systemic conditions that can cause pain in
multiple joints. Some examples of systemic arthropathies are:
ankylosing spondylitis, rheumatoid arthritis, psoriatic arthritis, and
juvenile rheumatic arthritis. These comorbidities are associated with
increased post surgical pain, decreased function, and reduced quality
of life [57]. The economic and societal burden of systemic
arthropathies is significant. Healthcare expenditures for those with
rheumatoid arthritis are over three times greater than those without
rheumatoid arthritis. Adjusted for comorbidities, incremental
healthcare expenditures are over $2000 annually [59]. Opioid
prescriptions for arthritis related pain has dramatically increased [60],
which also drive up healthcare costs.

.xx = wildcard variable, any integer after the preceding number is included

Table 4 “Full Cost” elements for care that takes place in a
Military Treatment Facility (Direct Care)

Full Cost Subcomponent Variable Description

FCCLNSAL Clinician salary portion of full cost

FCLAB Laboratory portion of full cost

FCOST1 Full cost for the E&M APG

FCOST2 Full cost for the medical APG

FCOST3 Full cost for Procedure 1 APG

FCOST4 Full cost for Procedure 2 APG

FCOST5 Full cost for Procedure 3 APG

FCOST6 Full cost for Procedure 4 APG

FCOTHANC Other ancillary portion of full cost
(minus materials)

FCOTHLBR Other labor portion of full cost

FCPROFSAL Professional salary portion of full cost

FCRAD Radiology portion of full cost

FCRX Pharmacy portion of full cost
(minus materials)

FCSUP Support portion of full cost

APG Ambulatory Patient Group, E&M Evaluation and Management Coding in
support of medical billing
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occurs outside the system, and is not captured within
the MDR, then an incomplete picture of the health ser-
vice utilization and outcomes is portrayed for that indi-
vidual. While the majority of younger families and those
on active duty do not have OHI (less than 3% in the sub-
set we analyzed), the retired military population may
have higher rates of OHI as most will start a second car-
eer upon retirement from the military, which may be
come with a more favorable health insurance plan. Fi-
nally, as with all data repositories, the value of the data
are only as good as the care and precision taken to enter
it. These data are based on claims data and diagnosis/
procedure codes entered by medical staff. Variations and
inaccuracies in coding nomenclature have been reported
[28], and can also occur in this setting.

Conclusion
The robust nature of the variables and large scope of data
allow for many additional analyses related to outcomes.
These include investigation into the utilization patterns of
prescription opiate medications after surgery, the impact of
opiate medication utilization on downstream costs, and
their association with certain comorbidities, such as insom-
nia, mental health diagnoses, or chronic pain syndromes.
In summary, we feel there are more advantages to the

use of the MDR than disadvantages. The most notable
advantages of the MDR database include:

1. Minimal to no missing values on essential variables
2. Complete representation of all healthcare utilization

before and after an index event (for those patients
without OHI)

3. The ability to break down care processes by time,
intensity, discipline and explore interactions of these
on costs and visits

4. The ability to explore ancillary care use associated
with medications, imaging use, and timing of that use

5. Strong precision of data
6. The ability to explore continuity of care

management in site specific care between dedicated
military facilities and in-network sites

7. Large sample sizes with clinically-reflective data that
strongly represent healthcare utilization

Abbreviations
APG: Ambulatory Patient Group; CAPER: Comprehensive Ambulatory/
Professional Encounter Record; CPT: Current Procedural Terminology;
DEERS: Defense Enrollment Eligibility and Reporting System; DHA: Defense
Health Agency; DoD: Department of Defense; E&M: Evaluation and
Management Coding; FAI: Femoroacetabular Impingement; HCC: Hierarchical
Condition Categories; HIPAA: Health Insurance Portability and Accountability;
HSR: Health Services Research; ICD-9: International Classification of Diseases,
9th Edition; MAR: Missing At Random; MCAR: Missing Completely At
Random; MDR: Military Health System Data Repository; MHS: Military Health
System; MTF: Military Treatment Facilities; OHI: Other Health Insurance;
PDTS: Pharmacy Data Transaction Service; RECORD: REporting of studies
Conducted using Observational Routinely-collected Data; RVU: Relative Value

Unit; SAS: Statistical Analysis System; SIDR: Standard Inpatient Data Record;
STROBE: Strengthening of Reporting of OBservational studies in
Epidemiology; TED-I: TRICARE Encounter Data - Institutional; TED-NI: TRICARE
Encounter Data - Non-Institutional

Acknowledgements
We would like to thank the U.S. Army Medical Command, Program Analysis
and Evaluation Branch for help with experienced data analyst and data
extraction. We also would like to thank Mr. Keith Hofmann for his review of
the manuscript for accuracy. He works for the the Data Processing Team for
MDR, under Kennell and Associates, Inc, Falls Church, VA, who is contracted
to provide oversight and management of the data processing of MDR for
the Defense Health Agency.

Funding
This project was funded through an internal grant by the Defense Health
Agency.

Availability of data and materials
All data referenced in the methodology comes from the Military Health
System Data Repository (MDR), which is a proprietary database managed by
the Defense Health Agency. Utilization of any data must be approved by the
DHA Privacy Board through a signed Data Sharing Agreement.

Disclaimer
The view(s) expressed herein are those of the author(s) and do not reflect
the official policy or position of Brooke Army Medical Center, the U.S. Army
Medical Department, the U.S. Army Office of the Surgeon General, the
Department of the Army, Department of Defense, or the U.S. Government.

Authors’ contributions
DR and CC had the initial conception of the idea and background for this
report. All authors contributed to the writing, reviewing, and final approval
of the manuscript. CS is the senior analyst that created the technical pieces
of the data abstraction from MDR, and pooled the data for analysis.

Authors’ information
DR has worked within the Military Health System for the last 15 years, both
as a full time clinician and researcher.
Ethics approval and consent to participate
This is a methodology protocol paper and as such minimal references to a
hip surgery dataset are made. Ethics approval for the use of this hip surgery
dataset was provided by the Brooke Army Medical Center Institutional
Review Board.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Center for the Intrepid, Brooke Army Medical Center, 3551 Roger Brooke
Drive, San Antonio, TX 78234, USA. 2Baylor University, 3630 Stanley Road,
Bldg 2841, Suite 1301; Joint Base San Antonio - Fort Sam Houston, San
Antonio, TX 78234, USA. 3Division of Physical Therapy, Department of
Orthopedics, Duke University, 2200 W. Main Street, Durham, NC 27701, USA.
4Department of Physical Therapy, Arizona School of Health Sciences, 5850 E.
Still Circle, Mesa, AZ 85206, USA. 5Headquarters, U.S. Army Medical
Command, Analysis & Evaluation Division, 3630 Stanley Road; Joint Base San
Antonio - Fort Sam Houston, San Antonio, TX 78234, USA.

Rhon et al. BMC Medical Informatics and Decision Making  (2018) 18:10 Page 9 of 11



Received: 5 May 2017 Accepted: 17 January 2018

References
1. Lohr KN, Steinwachs DM. Health services research: an evolving definition of

the field. Health Serv. Res. 2002;37:7–9.
2. Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and

potential. Health Inf Sci Syst. 2014;2:3.
3. Carter TC, He MM. Challenges of Identifying Clinically Actionable Genetic

Variants for Precision Medicine. J. Healthc. Eng. 2016;2016:1–14.
4. Burghard C. Big Data and Analytics Key to Accountable Care Success. IDC

Health Insights; 2012 Dec.
5. Thorpe KE, Zwarenstein M, Oxman AD, Treweek S, Furberg CD, Altman DG,

et al. A pragmatic-explanatory continuum indicator summary (PRECIS): a
tool to help trial designers. J. Clin. Epidemiol. 2009;62:464–75.

6. Rowbotham MC, Gilron I, Glazer C, ASC R, Smith BH, Stewart WF, et al. Can
pragmatic trials help us better understand chronic pain and improve
treatment. Pain. 2013;154:643–6.

7. Treweek S, Zwarenstein M. Making trials matter: pragmatic and explanatory
trials and the problem of applicability. Trials. 2009;10:37.

8. Zwarenstein M, Treweek S. What kind of randomized trials do we need.
CMAJ. 2009;180:998–1000.

9. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al.
The REporting of studies Conducted using Observational Routinely-
collected health Data (RECORD) statement. PLoS Med. 2015;12:e1001885.

10. Perry DC, Parsons N, Costa ML. “Big data” reporting guidelines: how to answer
big questions, yet avoid big problems. Bone Joint J. 2014;96-B:1575–7.

11. Mirkes EM, Coats TJ, Levesley J, Gorban AN. Handling missing data in large
healthcare dataset: A case study of unknown trauma outcomes. Comput.
Biol. Med. 2016;75:203–16.

12. Dinov ID. Methodological challenges and analytic opportunities for
modeling and interpreting Big Healthcare Data. Gigascience. 2016;5:12.

13. Dinov ID, Heavner B, Tang M, Glusman G, Chard K, Darcy M, et al. Predictive
Big Data Analytics: A Study of Parkinson’s Disease Using Large, Complex,
Heterogeneous, Incongruent, Multi-Source and Incomplete Observations.
PLoS One. 2016;11:e0157077.

14. Dinov ID. Volume and Value of Big Healthcare Data. J Med Stat Inform
[Internet]. 2016;4. Available from: https://doi.org/10.7243/2053-7662-4-3

15. Viceconti M, Hunter P, Hose R. Big data, big knowledge: big data for
personalized healthcare. IEEE J Biomed Health Inform. 2015;19:1209–15.

16. West BT, Sakshaug JW, Aurelien GAS. How Big of a Problem is Analytic Error
in Secondary Analyses of Survey Data. PLoS One. 2016;11:e0158120.

17. Ancillary Laboratory and Radiology for the MHS Data Repository (MDR)
(Version 1.06.01) [Internet]. Defense Health Agency; 2016 Jun. Available
from: http://www.health.mil/Military-Health-Topics/Technology/Support-
Areas/MDR-M2-ICD-Functional-References-and-Specification-Documents

18. Little RJA. A Test of Missing Completely at Random for Multivariate Data
with Missing Values. J. Am. Stat. Assoc. 1988;83:1198–202.

19. Schafer JL, Graham JW. Missing data: our view of the state of the art.
Psychol. Methods. 2002;7:147–77.

20. Henry AJ, Hevelone ND, Lipsitz S, Nguyen LL. Comparative methods for
handling missing data in large databases. J. Vasc. Surg. 2013;58:1353–9.e6.

21. Bellazzi R. Big data and biomedical informatics: a challenging opportunity.
Yearb. Med. Inform. 2014;9:8–13.

22. Steinwachs DM, Hughes RG. Health Services Research: Scope and
Significance. In: Hughes RG, editor. Patient Safety and Quality: An Evidence-
Based Handbook for Nurses. Rockville (MD): Agency for Healthcare Research
and Quality (US); 2011.

23. Fritz JM, Childs JD, Wainner RS, Flynn TW. Primary care referral of patients
with low back pain to physical therapy: impact on future health care
utilization and costs. Spine. 2012;37:2114–21.

24. Childs JD, Fritz JM, Wu SS, Flynn TW, Wainner RS, Robertson EK, et al.
Implications of early and guideline adherent physical therapy for low back
pain on utilization and costs. BMC Health Serv. Res. 2015;15:150.

25. Fritz JM, Kim J, Dorius J. Importance of the type of provider seen to begin
health care for a new episode low back pain: associations with future
utilization and costs. J. Eval. Clin. Pract. 2016;22:247–52.

26. Langan SM, Cook C, Benchimol EI. Improving the Reporting of Studies
Using Routinely Collected Health Data in Physical Therapy. J. Orthop. Sports
Phys. Ther. 2016;46:126–7.

27. Defense Health Program. Defense Health Program Fiscal Year (FY) 2018
Budget Estimates: Operation and Maintenance Procurement Research,
Development, Test, and Evaluation [Internet]. Department of Defense; May
2017. Report No.: 17-C-0531.

28. Fury M, John M, Schexnayder S, Molligan H, Lee O, Krause P, et al. The
Implications of Inaccuracy: Comparison of Coding in Heterotopic
Ossification and Associated Trauma. Orthopedics. 2017;40:237–41.

29. Chuang Y-C, Weng S-F, Hsu Y-W, Huang CL-C, Wu M-P. Increased risks of
healthcare-seeking behaviors of anxiety, depression and insomnia among
patients with bladder pain syndrome/interstitial cystitis: a nationwide
population-based study. Int. Urol. Nephrol. 2015;47:275–81.

30. Mikkonen P, Heikkala E, Paananen M, Remes J, Taimela S, Auvinen J, et al.
Accumulation of psychosocial and lifestyle factors and risk of low back pain
in adolescence: a cohort study. Eur. Spine J. 2016;25:635–42.

31. Onen SH, Alloui A, Gross A, Eschallier A, Dubray C. The effects of total sleep
deprivation, selective sleep interruption and sleep recovery on pain
tolerance thresholds in healthy subjects. J. Sleep Res. 2001;10:35–42.

32. Schuh-Hofer S, Wodarski R, Pfau DB, Caspani O, Magerl W, Kennedy JD, et al.
One night of total sleep deprivation promotes a state of generalized
hyperalgesia: a surrogate pain model to study the relationship of insomnia
and pain. Pain. 2013;154:1613–21.

33. Bassett SM, Lupis SB, Gianferante D, Rohleder N, Wolf JM. Sleep quality but
not sleep quantity effects on cortisol responses to acute psychosocial stress.
Stress. 2015;18:638–44.

34. Asih S, Neblett R, Mayer TG, Brede E, Gatchel RJ. Insomnia in a chronic
musculoskeletal pain with disability population is independent of pain and
depression. Spine J. 2014;14:2000–7.

35. Langley J, Davie G, Wilson S, Lilley R, Ameratunga S, Wyeth E, et al.
Difficulties in functioning 1 year after injury: the role of preinjury
sociodemographic and health characteristics, health care and injury-related
factors. Arch. Phys. Med. Rehabil. 2013;94:1277–86.

36. Mikkonen P, Leino-Arjas P, Remes J, Zitting P, Taimela S, Karppinen J. Is
smoking a risk factor for low back pain in adolescents? A prospective
cohort study. Spine. 2008;33:527–32.

37. Prasarn ML, Horodyski MB, Behrend C, Wright J, Rechtine GR. Negative
effects of smoking, workers’ compensation, and litigation on pain/disability
scores for spine patients. Surg. Neurol. Int. 2012;3:S366–9.

38. Santiago-Torres J, Flanigan DC, Butler RB, Bishop JY. The effect of smoking
on rotator cuff and glenoid labrum surgery: a systematic review. Am. J.
Sports Med. 2015;43:745–51.

39. Callréus M, McGuigan F, Akesson K. Adverse effects of smoking on peak
bone mass may be attenuated by higher body mass index in young female
smokers. Calcif. Tissue Int. 2013;93:517–25.

40. Ward KD, Klesges RC. A meta-analysis of the effects of cigarette smoking on
bone mineral density. Calcif. Tissue Int. 2001;68:259–70.

41. Patel RA, Wilson RF, Patel PA, Palmer RM. The effect of smoking on bone
healing: A systematic review. Bone Joint Res. 2013;2:102–11.

42. Manassa EH, Hertl CH, Olbrisch R-R. Wound healing problems in smokers
and nonsmokers after 132 abdominoplasties. Plast. Reconstr. Surg. 2003;111:
2082–7. discussion 2088–9

43. Morales-Espinoza EM, Kostov B, Salami DC, Perez ZH, Rosalen AP, Molina JO,
et al. Complexity, comorbidity, and health care costs associated with
chronic widespread pain in primary care. Pain. 2016;157:818–26.

44. Abate M, Vanni D, Pantalone A, Salini V. Cigarette smoking and
musculoskeletal disorders. Muscles Ligaments Tendons J. 2013;3:63–9.

45. Behrend C, Prasarn M, Coyne E, Horodyski M, Wright J, Rechtine GR.
Smoking Cessation Related to Improved Patient-Reported Pain Scores
Following Spinal Care. J. Bone Joint Surg. Am. 2012;94:2161–6.

46. Carbone S, Gumina S, Arceri V, Campagna V, Fagnani C, Postacchini F.
The impact of preoperative smoking habit on rotator cuff tear: cigarette
smoking influences rotator cuff tear sizes. J. Shoulder Elbow Surg. 2012;
21:56–60.

47. Bartsch RH, Weiss G, Kästenbauer T, Patocka K, Deutinger M, Krapohl BD,
et al. Crucial aspects of smoking in wound healing after breast reduction
surgery. J. Plast. Reconstr. Aesthet. Surg. 2007;60(9):1045.

48. Truntzer J, Vopat B, Feldstein M, Matityahu A. Smoking cessation and
bone healing: optimal cessation timing. Eur. J. Orthop. Surg. Traumatol.
2015;25:211–5.

49. Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP. Musculoskeletal
disorders associated with obesity: a biomechanical perspective. Obes. Rev.
2006;7:239–50.

Rhon et al. BMC Medical Informatics and Decision Making  (2018) 18:10 Page 10 of 11

http://dx.doi.org/10.7243/2053-7662-4-3
http://www.health.mil/Military-Health-Topics/Technology/Support-Areas/MDR-M2-ICD-Functional-References-and-Specification-Documents
http://www.health.mil/Military-Health-Topics/Technology/Support-Areas/MDR-M2-ICD-Functional-References-and-Specification-Documents


50. Popkin BM, Kim S, Rusev ER, Du S, Zizza C. Measuring the full economic
costs of diet, physical activity and obesity-related chronic diseases. Obes.
Rev. 2006;7:271–93.

51. Guo S, Dipietro LA. Factors affecting wound healing. J. Dent. Res. 2010;
89:219–29.

52. Shmagel A, Foley R, Ibrahim H. Epidemiology of Chronic Low Back Pain in
US Adults: Data From the 2009-2010 National Health and Nutrition
Examination Survey. Arthritis Care Res. 2016;68:1688–94.

53. Nikolajsen L, Brandsborg B, Lucht U, Jensen TS, Kehlet H. Chronic pain
following total hip arthroplasty: a nationwide questionnaire study. Acta
Anaesthesiol. Scand. 2006;50:495–500.

54. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KDJ. Patient
satisfaction after total knee arthroplasty: who is satisfied and who is not?
Clin. Orthop. Relat. Res. 2010;468:57–63.

55. Brummett CM, Urquhart AG, Hassett AL, Tsodikov A, Hallstrom BR, Wood NI,
et al. Characteristics of fibromyalgia independently predict poorer long-term
analgesic outcomes following total knee and hip arthroplasty. Arthritis
Rheumatol. 2015;67:1386–94.

56. Robertsson O, Stefánsdóttir A, Lidgren L, Ranstam J. Increased long-term
mortality in patients less than 55 years old who have undergone knee
replacement for osteoarthritis: results from the Swedish Knee Arthroplasty
Register. J. Bone Joint Surg. Br. 2007;89:599–603.

57. Bozic KJ, Lau E, Ong K, Chan V, Kurtz S, Vail TP, et al. Risk factors for early
revision after primary total hip arthroplasty in Medicare patients. Clin.
Orthop. Relat. Res. 2014;472:449–54.

58. Aalto TJ, Malmivaara A, Kovacs F, Herno A, Alen M, Salmi L, et al.
Preoperative predictors for postoperative clinical outcome in lumbar spinal
stenosis: systematic review. Spine. 2006;31:E648–63.

59. Kawatkar AA, Jacobsen SJ, Levy GD, Medhekar SS, Venkatasubramaniam KV,
Herrinton LJ. Direct medical expenditure associated with rheumatoid
arthritis in a nationally representative sample from the medical expenditure
panel survey. Arthritis Care Res. 2012;64:1649–56.

60. Whittle SL, Richards BL, Husni E, Buchbinder R. Opioid therapy for treating
rheumatoid arthritis pain. Cochrane Database Syst. Rev. 2011:CD003113.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Rhon et al. BMC Medical Informatics and Decision Making  (2018) 18:10 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Construction and content
	Data Sourcing
	Origination of Data
	Individual Data Files that Feed into MDR
	Merging Individual Data Elements and Requesting Data from MDR
	Data Cleaning Procedures by DHA


	Utility
	Organization of Data for Clinical Relevance
	Normalization of Data
	Selection of Variables
	Meaningful and Descriptive Coding
	Access and Timing to Care
	Comorbidities
	Creation of a Risk Adjustment Code Based on Comorbidity Status

	Outcomes Reporting

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Disclaimer
	Authors’ contributions
	Authors’ information
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

